the broad range of G×E in field-grown rice (Fig. 1a) , we conducted mathematical (Fig. 1b) . Each substituted fragment was categorized into Koshihikari 57 and Takanari haplotypes using 141 DNA markers (Fig. 1b) . To consider the effects of transcriptome-wide diurnal variation in EGs, albeit genotype variation (Fig. 1d) .
(edQTLs), which cause differences in GED between Koshihikari and Takanari.
27
Based on the edQTLs, we successfully predicted the GED under environments response of GED under field conditions. We anticipate that edQTLs identification 32 will help understand the G×E of organisms under natural conditions, which is 33 difficult to assess with laboratory equipments 2 . As genetic variation and only predicting transcriptome dynamics in genotypes used as training data [10] [11] [12] . Thus, no 46 study has clarified the relationship between GED and G×E.
47
Rice (Oryza sativa L.) is a major food crop [13] [14] [15] . The CSSLs and backcross inbred 48 lines (BILs) between Takanari (a high-yield indica variety) 1, 16 and Koshihikari (a 49 leading variety in Japan) are available 1, 17 , and useful for examining G×E. To understand 50 the broad range of G×E in field-grown rice (Fig. 1a) Fig. 3a) . In Os09g0343200, the sum of residual errors (SRE) was only significantly 86 improved assuming edQTLs on chromosome 9 ( Fig. 2b and Extended Data Fig. 3b, c) ,
indicating that Os09g0343200 edQTLs are cis-edQTLs. As expected, edQTL-based 88 6 prediction of Os09g0343200 was better than BG-based prediction (Fig. 2c) based on all edQTLs was smaller than that based on the most significant edQTL only
92
(Extended Data Fig. 4 ), suggesting accuracy is higher when considering all edQTLs.
93
To assess if our approach could detect the edQTLs affecting GED at a specific time with time and it was higher in Koshihikari than in Takanari (Extended Data Fig. 9a ).
127
The edQTL-based prediction of Os12g0406000 expression was better than the edQTL-influenced genes using edQTL, Koshihikari-BG, and Takanari-BG models.
136
Overall, edQTL-based prediction was best ( at each sampling point (Fig. 1c) . The youngest fully expanded leaf from each plant was ng/μL) (Nacalai Tesque, Kyoto, Japan), and 5.9 μL of RNase-free water] were mixed.
245
For the reverse transcription step, the mixture was incubated at 25 °C for 10 min, counts for all genes, except for the targets of selective depletion (Extended Data Fig. 1a) . 
313
(https://broadinstitute.github.io/picard/) was used to add read group to each SAM file.
314
All SAM files of each sample were merged and a VCF file was generated using Takanari-specific SNPs in each RNA-Seq sample, the trimmed RNA-Seq reads of each 325 sample were mapped to the reference genome as described in the previous section using Takanari-BG models were calculated (Extended Data Fig. 3a, b) . To evaluate the 376 statistical significance of improvement in SRE, 1000 permutations of samples with
377
Koshihikari-and Takanari-BG were conducted, and SRE was calculated for each test. Koshihikari-and Takanari-BG models) and edQTL-based prediction (edQTL model).
396
To evaluate the statistical significance of improvement in the SPEs, 10,000 397 permutations were performed for the markers in each BIL genome, and the value 398 corresponding to 0.1% percentile in each permutation was calculated.
399
Code availability. The scripts used in this study are available from PRJDB7234.
400
Data availability. All datasets generated and/or used in this study are available from 
